Purpose -This study investigates whether the volatility of stock market returns is determined by macroeconomic variables either as individual or as a group, within the context of Vietnam -a frontier emerging market. Six macroeconomic factors have been selected, including economic growth (GDP), consumer price index (CPI), broad money supply (M2), interest rate (represented by refinancing rate -FR), foreign exchange rate USD/VND (EX), and foreign direct investment (FDI). Methodology -Using 161 monthly observations collected from August 2000 to December 2013, the paper employs general autoregressive conditional heteroskedasticity (GARCH) framework to measure stock market volatility as well as to estimate this volatility under indicated macroeconomic impacts. Findings -Taking the volatility clustering into account, the GARCH (1,1) models reveal that the volatility of Vietnam's stock market returns is highly persistent, suggesting a long memory of the volatility in response of a shock. Additionally, the stock market volatility could be predicted better using previous shocks (i.e. those originating from GDP, CPI and EX) rather than the previous volatility itself. Conclusion -The prediction of Vietnam's stock market volatility could be better based on the selected macroeconomic indicators. A monthly change in consumer price index appears as the most essential indicator that help predicting the volatility of the Vietnam's stock market. Any news about economic growth can be considered as the second significant factor in explaining Vietnam stock return volatility. Furthermore, the univariate analysis shows a statistical significant evidence for the impact of a change in the exchange rate (USD/VNA) on Vietnam's stock market volatility.
INTRODUCTION
The innovation and growth of stock market has marked a significant progress towards the development of the whole economy. The stock market is not only an important channel to raise capital for corporations, but also a place to gain profits for individuals. However, at the same time it poses potential risks to the economy. The world has witnessed a number of stock market crashes as well as large volatility of stock market returns through financial crunches, such as the Asian crisis of 1997-1998 and the global financial crisis of [2007] [2008] . Such crashes cause a decline in corporate profits, while an increase in business failures substantially impacts on economic growth.
As a major of economic time series, stock market returns can be characterized as "conditionally heteroskedasticity", implying that the volatility of such series is non-constant over a specified period in spite of the assumption of unchanged unconditional or long run variance (Enders, 2004) . Furthermore, like most high-frequency financial and economic data, stock market returns are also known as "volatility clustering", which refers to the phenomenon that a period of high/low volatility tends to be followed by periods of high/low volatility and vice versa (Mandelbrot, 1963) .
Before the global financial crisis in 2008, the economic growth of Vietnam was well maintained stably at the rate of around 7-8%, and hit the highest number at 8.5% in 2007. However, the financial crisis that originated from the US and then spread to the entire world from 2008, followed by the worldwide economic depression, had a negative impact on the country. Economic output fell to 6.3% in 2008 and reached a bottom of 5.4% in 2009 (WB Data). The growth in the Vietnam economy seems sluggish after that. Following a slightly recovery in 2010, it decelerated again to 6.2% in , 5.2% in 2012 , 5.3% in 2013 . Most of sectors that contribute to GDP as well as the total GDP have experienced the slowest pace of growth since the reform of the "Doi Moi" system in the late 1980s, despite the stable politic environment.
On the other hand, even though the period began with the threat of deflation when inflation rate remained low after 1999 (just 4.11% in 1999) , CPI began to increase from 2004 (at 7.8%) and surged to a peak of 23.1% in 2008. The inflation rate was then kept under control in 2009 and 2010, which were 7.05% and 8.86% respectively. After a rise again to reach the highest number since December 2008 to 18.7 % in 2011 (WB Data, http://data.worldbank.org/indicator/FP.CPI.TOTL.ZG?locations=VN), this index started a decreasing trend then reached low number (9.09% in 2012, 6.59% in 2013, and 4.09 in 2014) .
Despite the fluctuation of inflation rate, the period 2000-2013 marked a number of significant changes in monetary system of Vietnam, such as money supply growth, credit and deposits, interest rates volatility. (IFS, http://www.elibrary-data.imf.org/) Besides, with favorable economic conditions, such as low wages, its ideal location and a stable political context, Vietnam has been one of the most attractive destinations for foreign investors in the region and worldwide (WB, 2013) . Particularly, foreign direct investment (FDI) retains a high figure of disbursement, reached 10.5 to 11 billion USD over the period [2010] [2011] [2012] . The country has been kept positive ambition to moving forward socialist-oriented market, with economic structure shifting to "industrialization and modernization".
Even though, several weaknesses (i.e. slow economic structural reforms with unreasonable investment structures, state subsidies and persistent protection, and macroeconomic instability) should be recognized and quickly addressed in order to stimulate the efficiency as well as the development of the whole economy.
In order to improve performance as well as to diversify capital mobilization channels into the economy, the government of Vietnam has been taking a number of efforts to reorganise all of the country's financial markets. One remarkable milestone on the path of Vietnamese financial market development was the launch of two securities trading centers (STCs) in the country's two main economic centers, which were Ho Chi Minh Securities Trading Center (HOSTC) and Hanoi Securities Trading Center (HASTC) The background of macroeconomic environment and the equity market of Vietnam may suggest a link between the stock market volatilities and the volatilities of selected macroeconomic variables in specified phase of the Vietnam's economic development. For example, the relatopnship was captured between the years 2008-2009, when the Vietnam's economy suffered from the spread of global economic stagnation. Due to the slowdown of the economy, inflation rate and interest rates rose drastically. At the same time, the VN-Index also hit its bottom.
Prior Studies on Stock Market Volatilities under Macroeconomic Impacts in Vietnam
The typical empirical findings denote the efficiency of the Vietnamese stock exchange in weak form, regarding to the classifications of efficient market hypothesis (EMH -initially introduced by Fama (1970) ) (Truong, Lanjouw and Lensink (2010) ; Phan and Zhou (2014) ). It may suggest arbitrage opportunities for investors in this capital market. However, to achieve better investment decisions, as well as to provide better indications for policy makers, research on the macroeconomic determinants of stock market volatility for Vietnam should be in high demand. There is unfortunately a limited range of studies that have covered this topic.
There are few papers that focus on the linkage between macroeconomic factors and stock market returns within the context of Vietnam. Among different macroeconomic variables selected to investigate their influence on Vietnamese equity returns, most of them are international factors (i.e. USD/VND exchange rate, US real production activity). Hussainey and Le (2009) attempted to find any linkage between two selected macroeconomic variables (industrial production together with interest rate) and Vietnam's stock market prices over the period from January 2001 to April 2008 in both domestic and international perspectives. Applying the regression model technique for domestic variables and for both domestic and international variables separately, the research found out three significant points. The first result showed that industrial production could lead to changes in stock prices. The second finding showed the influence of interest rates (both long-term and short-term) on equity prices in the different direction. The final one found that there was a stronger effect on Vietnamese stock prices from US real production activity than from the US money market.
Recently, by applying a number of statistical tests, including cointegration tests, long-run elasticity, error correction model and parameter stability test, Narayan and Narayan (2010) intended to model the linkage between two global determinants (oil prices and nominal exchange rates) and Vietnam's stock market index utilizing daily data over the period 2000-2008. Both oil prices and exchange rates were found to have a statistically substantial positive effect on stock prices in the long run. However, there was no evidence of a nexus between oil prices and equity prices in the short run, consisting to the conclusions of Chen et al. (1986) as well as the later studies of Kuwornu and Victor (2011) and Samadi, Bayani and Ghalandari (2012) . Similar same result was found for exchange rate, as it had no impact on stock index.
Besides some formally publishes from official international sources, there are few studies on the same field that collected from local journals (i.e. university journals in Vietnam). They may help providing more adequate view on this topic. Even though, these recent papers have used limited macroeconomic variables and not observed the vital nature of stock market returns -which is volatility clustering.
For example, Huynh et al. (2014) applied two updated frameworks, namely VECM and Granger Causality tests, to find out the long run and short-run effects of macroeconomic time series (including money supply -MS, lending interest rates -ITR, consumer price index -CPI, exchange rate -EXR and industrial production -IP) on the Vietnam's stock market (VNI) over the period [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . While MS and IP had a significant negative impact on VNI, ITR and CPI had an opposite influence. Additionally, the results of Impulse Response Function showed that VNI responded to any disequilibrium originated from a shock on macroeconomic variables at a relatively slow pace.
In the most recent research, Le and Dang (2015) utilized the ARDL technique to uncover the interactions between Vietnam's stock market index and consumer price index (CPI), money supply (M2), exchange rate (E) and short-term interest rates during the time span between Jan 2001 and Dec 2013. In both long-and short-run, the results showed the presence of the linkage between VNI and macroeconomic factors. In particular, M2 and VNI were positively correlated while the remaining of macroeconomic factors negatively impact VNI.
In addition to these above researches, few recent papers have been paid more attention to the volatility of stock market in Vietnam. Do, Mcaleer, and Sriboonchitta (2009) selected Vietnam as one of the five ASEAN emerging stock markets to study the behavior of returns and volatilities and their association with the international gold market. Based on the daily sample from 28 July 2000 to 31 October 2008, the empirical result of Granger causality tests revealed the bi-directional relation between the gold and stock market in Vietnam. Additionally, the paper proved the better estimation of Vietnam's stock market volatility by the symmetric GARCH (1,1)-X model (which X represents for exogenous variables) rather than GJR (1,1) -X model, and also found the leverage effect in Vietnam's market with a positive and significant value of risk premium.
Focused on the context of Vietnam's stock market, Nguyen (2011) used time-varying GARCH (i.e. MA-EGARCH (1,1)) model to investigate the impact of the US macroeconomic announcements on stock returns and stock market volatility. Based on a selection of 12 major macroeconomic news over the period from August 2000 to September 2009, the study disclosed that the US economic variables, reflecting this country's economic prospect, could stimulate the returns of Vietnam's stock market and reduce the volatility of the index. The significant impact of the US macroeconomic announcements on the Vietnam's stock returns was also confirmed under the presence of the spillover effect from the US stock market.
Nonetheless, within literature abound, no research has been found to show the conclusive linkage between Vietnam's stock market volatility and macroeconomic factors.
DATA AND METHODOLOGY

Data Collection
This paper intends to estimate the volatility of Vietnam's stock market under the impacts of six macroeconomic variables, namely real economic growth (RGDP -the real growth rate of Gross Domestic Product), consumer price index (CPIinflation rate), real money supply (RMS -measured by broad money M2), real interest rates (RIR -consisting of refinancing interest rate, deposit rate, and lending rate), real foreign exchange rate (REX -represented by USD/VND) and real foreign direct investment inward (RFDI), and real stock market returns (RVNI) based on the context of Vietnam's economy.
Stock market returns utilized in this study are grounded on the key Vietnam's stock market index, the Vietnam Ho Chi Minh Stock Index or VN-Index (officially denoted as VNI). The VN-Index is a capitalization-weighted index of all the companies actively listed on the Ho Chi Minh City Stock Exchange (HOSE), the major stock exchange in Vietnam. The index was created on 28 July 2000 with a base index value of 100. Stock returns for the period t can be computed as the percentage change of the stock market index over the period from (t-1) to t, hence it can be formulated as ΔVNI t = ln (VNI t ) -ln (VNI t-1 ) (where ln denotes the natural logarithm; VNI t depicts the average of stock price index at the end of month t; and ΔVNI t refers to the return on the Vietnam's stock market on month t).
The real returns of the Vietnam's stock market index can be calculated after adjusting by price level or inflation rate. Other macroeconomic series used in the research are generated in detail as provided in Table 2 . Also note that all of the variables are obtained in real values after adjusting by the price deflator or inflation rate. Based on characteristics of macroeconomic time series, all of the variables in real values are transformed into natural logarithmic forms before being applied in the econometric models. The purpose of transforming variables into natural logarithmic format is to handle highly skewed distributions that are most likely appropriate to macroeconomic variables. Gelman and Hill (2007) also stated a preference for using natural logs because coefficients on the natural-log scale are directly interpretable as approximate proportional differences. Furthermore, to perform the percentage changes on displayed series based on monthly periods, their first differences are subsequently converted. While the chosen macroeconomic series are provided by the General Statistics Office of Vietnam (GSO), the Vietnam stock market index are collected from the official websites of the Ho Chi Minh Stock Exchange (HOSE) (http://www.banggia2.ssi.com.vn/). All series are gathered on a monthly basis spanning the period from the time the stock market officially launched in Vietnam from August 2000 until December 2013, except for the economic growth rate due to the fact that the range of GDP data is only available on a quarterly basis. Fortunately, the quarterly data of real GDP is subsequently successfully converted to monthly data using the statistical software Eviews Version 8.0. Hence, all of the variables are gathered in the same frequency to be applied to further statistical estimations.
There are 161 observations overall on each of the seven candidate variables and hence 160 observations on each after taking their first differences providing for the statistical analysis. These data are analysed using the statistical software Eviews 8.0 (the most updated version until 2014). This software is equipped as an easy-to-use statistical, econometric, and economic modeling package. More specific, it is one of the most powerful programmes for time series estimation and forecasting, especially in macroeconomics.
Measuring Stock Market Volatility via GARCH Models
Three so-called methods to measure the conditional variance of stock returns are historic volatility, exponential weighted moving average (EWMA) and autoregressive conditional heteroskedasticity (ARCH). However, historic volatility and correlation forecasting methods (also known as equally weighted moving average) and EWMA reveal several unrealistic assumptions that may lead to the problem of mispricing volatility. According to Alexander (1998) , the first methods equal all weighted moving averages, which means that the impact of an event does not matter when it occurs long time ago or recently. Wherein, even given more weight on more resent observations, the second method assumes constant volatility term structures while the fact usually characterizes volatility with a cluster.
The most popular one, due to its efficiency for modeling conditional time-varying variance in recent empirical, is the ARCH approach, which was originally designed by Engle (1982) . This approach estimates changes of information flows, both recent and old, on volatility. Although the standard ARCH models fail to take into account some other properties of financial time series data (i.e. leptokurtosis, asymmetric volatility), a number of extended ARCH models have been introduced to produce better predictions of volatility (i.e. GARCH, EGARCH, TGARCH).
One limitation of the original work by Engle (1982) is that the system requires a large number of lags to precisely fit the model. Bollerslev (1986) is therefore attributed to the current technique, the so-called generalized autoregressive conditional heteroskedasticity (GARCH). The idea of the standard GARCH (p,q) is based on a joint estimation of the conditional mean equation and the conditional variance equation. Specifically, Bollerslev (1986) suggests that conditional variance of returns is determined by both the squared residuals of the mean equation and its past own values. The maximum log likelihood method is utilized to generate a GARCH model. The standard GARCH (p, q) is represented by the two following equations.
First, it is the conditional mean equation which can be illustrated by a typical autoregressive moving average (ARMA) process, representing impact of the news on the volatility from the last period.
where Rt denotes returns of the variables of interest at time t, Rt-i denotes a set for the mean of Rt conditional on the past information, − denotes moving average components, is the heteroskedastic error term for the present period, parameter 0 is the constant, and p and q are the orders of the processes. To summarize, this chapter employs a series of GARCH using three major types of distribution to model the volatility of Vietnam's equity returns over the time span from August 2000 to December 2013. While the generalized error distribution (GED) exposes its high power in most cases, the simplest form within the GARCH family (i.e. GARCH (1,1)) followed by a specification of ARMA orders (i.e. ARMA (0,5) were proven to be sufficient for the current research context. By successfully passing a variety of diagnostic checks, the ARMA (0,5)-GARCH (1,1) model is able to verify its adequacy in modeling stock market returns for the case of Vietnam, both in univariate and in multivariate analyses. Either ignoring or including exogenous macroeconomic variables, the residuals produced from all of the models appear with freedom of autocorrelation up to the 36th lag, no presence of ARCH effect up to the 12th lag, and attain normal distribution.
The second one represents a persistent coefficient via conditional variance equation:
where p, q are correspondingly the numbers of ARCH parameters (ε t−i 2 ) and GARCH parameters (h t−j ). In which, the error process is that:
Where 2 = 1; { } is a white-noise process, the conditional and unconditional means of are equal to zero (for the more details in mathematics, see Enders (2004) ).
The size of and defines the short-run dynamics of the volatility of the underlying variable while the sum of these two parameters determines the persistence of the volatility to a specific shock (Alexander, 2007) . In another words, if the sum of and is very close to one, the volatility is very persistent to the shock.
Given that volatility can be measured through conditional variance by GARCH models, identifying the determinants of stock market volatility can be further examined to facilitate the forecasting ability of stock market movements. In order to investigate the association between various macroeconomic indicators and Vietnam's stock market volatility, the following statistical analysis will be structured with three major stages: (i) modeling volatility clustering for Vietnam's stock market returns; (ii) constructing GARCH models to identify the impact of each macroeconomic variables on the volatility of Vietnam's security prices; (iii) employing GARCH models to identify the macroeconomic influences as a group on Vietnam's stock market volatility.
Since the literature shows that the simple model GARCH (1,1) is adequate to describe data and produce significant results (Connolly, 1989; Fan and Yao, 2003; Floros, 2007; etc.) , this paper uses standard GARCH (1,1) models to estimate the volatility of Vietnam's stock market returns. Via GARCH models using different types of distribution, the paper studies the influence of macroeconomic forces (either as individual or as a group) on stock market volatility in both univariate and multivariate perspectives. In specific, the conditional mean equation is kept unchanged, while the variance equation is adjusted to include from individual macroeconomic factors (univariate analysis) to all the six macroeconomic factors (multivariate analysis).
FINDINGS AND DISCUSSIONS
Statistical Description of Vietnam Stock Market Returns
Analysis of a statistical description and a stationarity test must be carried out on the time series of Vietnam stock returns to ensure the appropriateness of generalized autoregressive conditional heteroskedasticity (GARCH) models (Bollerslev, 1986) to apply into the context of the Vietnam's stock market. The results from the ADF, PP, and KPSS tests show that the real equity prices in Vietnam are found as a non-stationary time series at levels, but stationary at first differences. Thus, the study is progressed with a statistical description to check the other statistical properties of this underlying financial time series, including tail-heaviness, autocorrelation, and volatility clustering. The unconditional standard deviation of 0.1036 indicates a volatile level of 10.36% for Vietnam stock returns during the time span 2000 -2013. The null hypothesis of non-normality is rejected for the case of Vietnam's equity returns, according to the Jarque-Bera result. It suggests that Vietnam stock return series are normally distributed, supporting the Gaussian assumption of normal distribution in theory. However, the values of skewness and excess kurtosis are both greater than zero (0.18 and 0.64 respectively), which are different from those of a standard normality. It refers to a leptokurtic distribution for the series with a high peak, thin mid-range, and fat tails. The series also exhibits an asymmetric skewed distribution, while the right tail is relatively heavier than the left. It implies that Vietnam's stock investors tend to receive positive returns.
Overall, the distribution of Vietnam's stock market returns follows normality, but not in the standard form. This can also be observed from the graph of the histogram and the normal distribution of Vietnam stock returns (Figure 1 ). 
Modeling the Conditional Mean Equation
The study follows the Box-Jenkins procedures in order to select an appropriate econometric model (that is, free of serial dependence) for a conditional mean equation. In particular, Hipel et al. (1977) summarized the procedure of selecting autoregressive-moving-average (ARMA) terms into three main steps: model identification, model estimation, and model diagnostic checks. The right orders for the ARMA model might be found via visual examination of the autocorrelation function (ACF) and partial correlation function (PACF) of the stationaries series (Box-Jenkins, 1976; Tsay, 2010) . Besides, given that the most autocorrelations that can be safely examined is up to one quarter of the number of observations (Enders 2015, p.130) , the study uses the Ljung-Box Q-statistics test to plot the ACF and PACF for the 20 first autocorrelations (as the number of observations under the study is 160 in total). Both ACF and PACF geometrically decrease from their highest values from the first lag. However, they do not show any cutoff even at higher orders of autocorrelation. It suggests a possibility that either pure AR/MA term or a mixed ARMA term can be included in the conditional mean equation under GARCH models. Thus, in order to specify the best-fitting ARMA model, the study follows the trial and error method suggested from the current literature and uses a goodness-of-fit statistic with reference to smaller information criteria. The study estimates several combinations of ARMA (p,q) models up to five lags. Furthermore, the theory advocates that the lower order of AR/MA terms (means the simpler the model), the better it is; since the assembly of AR term and MA term is sometimes possible to cancel off each other's effect. Therefore, a pure AR/MA order is also put in concern under this analysis.
The estimates of information criterion (including Schwartz information criterion (SIC) and Akaike information criterion (AIC)) from different possible ARMA models are reported in Table 6 . The most appropriate one is hence elected as ARMA(0,5) or a pure MA(5) model, where the residuals are found as a random process. The estimation of ARMA(0,5) via the least squares method is provided as follows. The ARMA(0,5) model passes various important diagnostic checks, including Breusch-Godfrey Test for Autocorrelations, ARMA structure and expected residuals tests for stationary. 
Estimation of Vietnam Stock Market Volatility
The conditional mean equation is well specified by adding five moving average terms; thus, the ARMA (0,5)-GARCH (1,1) process is applied to estimate the conditional volatility of Vietnam's stock market returns. This section runs a standard GARCH model at the first stage, and extends to two other advanced GARCH models in its family under the subsequent section to account for leverage effect -one common characteristic of a financial series. Table 9 , 10, and 11 in sequence report the estimates of the mean and variance equations of the ARMA(0,5)-GARCH(1,1) model for Vietnam's stock market using three different types of distribution: normal (Gaussian) distribution, student's tdistribution, and generalized error distribution (GED). From the results of the log likelihood and information criterions (AIC and SIC) shown in the three relevant tables above, the model with conditional distribution of generalized error (GED) seems to be the most accurate one, as it exhibits larger log likelihood and smaller information criterion values in comparison with the estimates of normal and student's distributions. This finding reveals its consistency with the recent results of Gao et.al (2012) ; who found that a GARCH model based on GED is the best fitted-model for volatility compared with two other densities (normal and student's t). Thus, the following analysis focuses on the ARMA (0,5)-GARCH (1,1) model using GED distribution with fixed parameter at 1.5.
Considering Panel (a) in Table 11 , the coefficient of the error term in the mean equation appears insignificant, but it is close to the value of the unconditional mean given in Table 5 (which are 0.005 and 0.009 respectively). Besides, the coefficients of the moving average terms show the significance at 5% conventional level at degree one and four only. This implies that Vietnam's stock returns follow a trend and can be predicted based on their historical values. Panel (b) in Table 11 reveals that the coefficients of the error term, ARCH term and GARCH term have expected positive signs, which significantly satisfy the restriction on non-negativity in conditional variance. It signifies that this specified ARMA (0,5)-GARCH (1,1) model seems to be satisfactory to capture the Vietnam's stock return volatility.
Additionally, the sum of the ARCH coefficient ( 1 ) and the GARCH coefficient ( 1 ) are less than one and nearly close to one, i.e., 1 + 1 = 0.9402 < 1. It successively infers the stationarity of the unconditional variance (ℎ < 1) and the high persistency of Vietnam's stock return volatility. The output of the Wald test is also supportive for the long memory of Vietnam stock return volatility in response to a shock (Table 12 ). In particular, the F-test result cannot reject the null hypothesis of the integration in the conditional volatility of the equity returns at the significance level of 5%. Furthermore, since the coefficient of the ARCH term is less than the coefficient of the GARCH term ( 1 < 1 ), the Vietnam's stock market volatility is likely influenced by the volatility rather than the related news from the previous period. To verify the satisfactoriness for the underlying ARMA (0,5)-GARCH (1,1) model with GED distribution, Table 13 summarizes the results of a variety of diagnostic tests. Regarding the outcomes, the Q-statistics and Q2-statistics from the Ljung-Box test (Panel (a) in Table 12 ) respectively exhibit no serial correlation on standardized residuals and squared standardized residuals obtained from the ARMA (0,5)-GARCH (1,1) model up to the 36th lag at the significance level of 5%. Panel (b) in Table 13 shows the evidence given by ARCH-LM test that all the ARCH effects are successfully removed from the residuals obtained from the ARMA (0,5)-GARCH (1,1) model since the F-statistics fails to reject the null hypothesis of hemoskedasticity on the residuals up to the 12th lag at 5% significance level. Further, the series of residuals is revealed as normality since the null hypothesis is accepted by the Jarque-Bera statistic in Panel (c)- Table 13 . Compared to the original data in Table 2 , the excess kurtosis from Panel (c)- Table 14 is obtained with a smaller value (reduce from 0.6464 to 0.3230) and seems to be closer to zero or a standard normality.
These above analyses strongly support the adequacy of the standard GARCH (1,1) process in modeling the volatility of Vietnam's stock market returns.
Vietnam Stock Market Volatility under Macroeconomic Impacts
As the ARMA (0,5)-GARCH (1,1) model has proved its adequacy in modeling the volatility of Vietnam's stock market returns, the following analysis is based on this specification to examine the stock return volatility together with the presence of other explanatory variables (i.e. macroeconomic factors). The following analysis is broken down into two sub-sections. The first part accounts for the impact of an individual macroeconomic variable (including real economic growth, consumer price index, real money supply, real refinancing rate, real exchange rate, and real foreign direct investment). Henceforward, six relevant univariate models are constructed. The second part investigates Vietnam stock return volatility under the aggregate influence of six selected macroeconomic variables by a multivariate GARCH model. It is noted that all of the models under this section are subsequently inspected with three types of distribution, where the most appropriate one is adopted using the same technique as in the previous analysis in Section 4.2.2.
The Univariate GARCH (1,1) Analysis
The estimates of the volatility of Vietnam's stock market returns accounting for the impact of separate macroeconomic variable are organized in Table 13 . The estimation of a univariate GARCH process in the current study includes two equations, which can be formulated as follows: Before proceeding with the GARCH model, the appropriate type of distribution for every individual GARCH process is selected using the same method used from prevous section. Specifically, the estimated values of log likelihood and information criterions (AIC and SIC) are first reported for all of the GARCH models under consideration. The best-fitted model must then show the larger log-likelihood value and/or smaller AIC and SIC values.
Under the certain outcomes from Table 14 , the generalized error distribution with fixed parameter at 1.5 seems to be an applicable choice for most of the models. One exceptional case is realized for the GARCH system where economic growth is added as an explanatory variable, and where student's t-distribution is selected instead of GE. While the residuals or shocks of Vietnam stock returns are assumed to be the same, all of the specified models differ from the added explanatory variable. Panel (b) in Table 16 summarizes the results of all of the variance equations for six particular models. It can be seen that the six different models produce similar outcomes regarding the significance of the coefficients of error terms ( ), ARCH terms ( 1 ), and GARCH terms ( 1 ). Accordingly, they are all achieved with positive and significant values. It satisfies the conditions for a non-negativity of condition variance required by GARCH models. In addition, the ARCH coefficients are smaller than the GARCH coefficients under all of the cases in Panel (b) Table 16 . It suggests the short-run dynamics of the volatility of Vietnam stock returns; that is, the volatility is influenced more by its previous period's variance than by its previous period's shock. 
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Panel (c): Diagnostic Checking
Ljung-Box Q-Statistics for Autocorrelations Furthermore, the sums of the ARCH and GARCH coefficients ( 1 + 1 ) are less than one and close to one for all of the corresponding models. It indicates the high persistence of Vietnam stock return volatility in response to a shock. This outcome is coherent with the results from the model without any exogenous macroeconomic variable. In other words, either including one exogenous macroeconomic variable in the GARCH process or not, the impact of a shock to the conditional variance is persisted for a long time span before dying off. It is likely reasonable that since Vietnam is known as a small economy, any shocks to the stock market seem to last longer in comparison with other developed economies due to the market's slow adjustment process to adapt to any sudden change.
Regarding to the macroeconomic influences on the volatility of stock returns in Vietnam, there are three statistical significant relations recognized at the 5% significance level, which originated from economic growth, consumer price index and exchange rate. Put differently, any changes in these three macroeconomic indicators are expected to contribute to a better explanation for stock return volatility in the Vietnam's market.
The negative coefficient of economic growth in the variance equation implies that the growth of real economic output may help the stock market be less volatile. Particularly, an increase of 1% in real GDP is expected to decrease the volatility of Vietnam stock returns by 1.6%. At the same time, stock return volatility is positively influenced by changes in CPI and in the real exchange rate USD/VND. A rise of 1% in CPI and 1% in real USD/VND can explain a 5.3% and 2.9% spread in stock return volatility respectively. The findings can be rationally explained by the fact that any surge in price level or depreciation in home currency may reflect the higher risk to investors in making investment decisions, less confidence then leads to higher volatility of stock market.
On the other hand, the coefficients associated with changes in real money supply, refinancing rate and foreign direct investment imply a non-significant impact on Vietnam stock return volatility at 5% significance level during the sample period. This means that there is no additional improvement in explaining the volatility of Vietnam's stock market by containing these three macroeconomic variables to the current GARCH process.
The lower part of Table 15 (Panel (c)) comprises of three major diagnostic tests (autocorrelation, heteroskedasticity, and normality) for different specified AMRA(0,5)-GARCH(1,1) models. For all the cases being studied, residuals obtained from each model reveal no autocorrelation problem (by the Ljung-box Q-statistics), no ARCH effect left (by the results of LjungBox Q2-statistics and ARCH-LM tests), and are normally distributed (by Jarque-Bera tests). The satisfaction of various diagnostic checking promotes the fit of the ARMA(0,5)-GARCH(1,1) model for understanding the volatility clustering of Vietnam's stock market returns under the individual impact of macroeconomic variables.
Multivariate GARCH(1,1) Analysis
Based on the motivated results from the univariate GARCH analysis, the study proceeds the multivariate ARMA(0,5)-GARCH(1,1) process by adding six specified macroeconomic indicators to the variance equation. Given the same conditional mean equation (Eq. 3), the conditional variance equation is adjusted as follows:
The measured log likelihood (LL) and two other information criterions (AIC and SIC) all recommend the generalized error distribution (GED) for the ARMA(0,5)-GARCH(1,1) model based on the lowest values (Table 16 ). The estimation of the ARMA(0,5)-GARCH(1,1) model is presented in Table 17 , including the conditional mean regression results (panel (a)) and the variance regression results (panel (b)). As provided by Panel (a) Table 17 , the significant coefficients of moving average terms ordered 1, 2, and 4 at 5% conventional level indicate the role of previous shocks in explaining the current equity returns. The upper part of the Panel (b) Table 17 shows the estimated coefficients of the intercept, ARCH and GARCH terms. While the error term's coefficient is statistically non-significant, its value is very close to zero. In contrast, both the coefficients of ARCH and GARCH terms appear statistically significant and positive. Again, the condition of non-negative conditional variance is attained for the current specification of the GARCH model. Moreover, the value of ARCH coefficient ( 1 = 0.3684) is smaller than that of GARCH coefficient ( 1 = 0.5823). It implies that the current stock return volatility is less influenced by the past shocks than its past volatility. Also, while ( 1 + 1 ) is nearly one (i.e. approximately 0.95), the variance of stock market returns remains highly persistent over time.
The lower section of Panel (b) in Table 17 demonstrates the estimation results for the influence of various explanatory variables on the volatility of Vietnam's stock market returns. Specifically, no macroeconomic variable under the research exposes its significant impact on Vietnam's stock market returns at the 5% significance level. However, if the significance level is assumed at 10%, the empirical results may recommend that the volatility of Vietnam stock returns statistically influenced by economic growth and movements in the consumer price index. Accordingly, any 1% increase of monthly change in GDP is expected to reduce stock market volatility by 1.1%, whilst a 1% rise of monthly change in CPI possibly leads to an increase in volatility up to 8.35%. These findings corroborate with the previous outcomes of the univariate analysis (Section 4.2.3.1.).
To confirm the validity of the ARMA (0,5)-GARCH model for this multivariate study, Table 17 provides the evidence from the Ljung-Box tests, ARCH-LM tests, and Normality tests. According to the Ljung-Box estimates, the Q-statistics and Q2-statistics respectively cannot reject the hypothesis about no serial correlation in standardized residuals and squared standardized residuals derived from the model, with up to 36 lags at the 5% level of significance (Panel (a) and (b) Table 17 ). Further, all of the ARCH effects on the residuals have been successfully removed, revealed by the rejection of the null hypothesis from the ARCH-LM tests up to 12 lags at 5% significance level. Besides, the Jarque-Bera value accepts the null of normality at 5% significance level, the series of residuals from the model remains normally distributed. 
CONCLUSION
To summarize, this paper employs a series of GARCH using three major types of distribution to model the volatility of Vietnam's equity returns over the time span from August 2000 to December 2013. While the generalized error distribution (GED) exposes its high power in most cases, the simplest form within the GARCH family (i.e. GARCH (1,1)) followed by a specification of ARMA orders (i.e. ARMA (0,5) were proven to be sufficient for the current research context. By successfully passing a variety of diagnostic checks, the ARMA (0,5)-GARCH (1,1) model is able to verify its adequacy in modeling stock market returns for the case of Vietnam, both in univariate and in multivariate analyses. Either ignoring or including exogenous macroeconomic variables, the residuals produced from all of the models appear with freedom of autocorrelation up to the 36th lag, no presence of ARCH effect up to the 12th lag, and attain normal distribution.
In the consideration of the macroeconomic impacts on the volatility of Vietnam's stock returns, a number of important findings can be drawn from this paper as follows. First, the volatility of Vietnam's stock market returns is highly persistent, suggesting a long memory of the volatility in response of a shock. Second, the current volatility of Vietnam's stock market is affected by the last previous shock more than by the last previous volatility itself. Third, a monthly change in consumer price index appears as the most essential indicator that help predicting the volatility of the Vietnam's stock market, since any 1% increase in CPI can explain an increase of the volatility by 5.3% under the univariate case (with the significance level of 5%) and correspondingly by 8.35% under the multivariate case (with the significance level of 10%). Forth, any news about economic growth can be considered as the second significant factor in explaining Vietnam stock return volatility as a 1% rise in real GDP is expected to be followed by a fall in volatility by 1.6% within the univariate study and by 1.1% within the multivariate study. Finally, a statistical significant evidence under the univariate analysis is uncovered for the impact of a change in the exchange rate (USD/VNA) on Vietnam's stock market volatility. These findings suggest that the prediction of Vietnam's stock market volatility could be better in consideration with selected macroeconomic impacts. It will benefit the investors and policy makers who intend to follow the movements of this emerging stock market in order to make financial and regulatory decisions.
Nonetheless, it is also a notice that a number of disadvantages of applied GARCH models still exists. Specifically, the simple GARCH model is not adequate to account for an asymmetry problem, which can generate inaccurate forecasts of volatility (Brooks and Persand, 2003) . The asymmetry or leverage effect occurs when the underlying impact from bad news is beyond the impact from good news. Therefore, extensions of the GARCH models that incorporate with asymmetric volatility should be considered in further study to attain more precise estimations for this current paper, which can be the exponential GARCH (1,1) model (or EGARCH, introduced by Nelson, 1991) and threshold ARCH model (or TARCH, presented by Zakoian (1991) and Glosten et al. (1993) ). While the EGARCH model modifies the standard GARCH by estimating the logarithm of the conditional variance process so that the asymmetry in volatility clustering can be captured, the TARCH model divides the innovations that influence on the conditional variance into good and bad intervals.
